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T*$>6. ft 5f^:S 1 J:ifB^©;^&o 

\mim. 3 ] MlS^tt^ t mrlE«3t^;eiS. ^6 5 0 r^ybfi^iXTfc^cDM 

im^m 1 1 1 tuts— oi^_h(D h ^ :/v?;^i5'}i. mmm<!&mtm^^m^m 
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Btrl5^tt^O_b^^ 0 < X ^ 1 -efcS S i i-xG e x^^^Ja^ 6 5 0 °Ci^T 
(D?a^T-ii^-r § ^ ^ 5/ i: . 
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2 6 ] MIB^ttJS i MIE«it^ fi. hiTIE^ Jt--^ 5 5 0 r J^T 
. it^^2 2l^|sic(^;^feo 

(D2-D^±(D^mm^mm^m±^mm^ti^. m^ms 2\z.tm(Dj7m, 

1 9 tdfsao;^^. 
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0 < X ^ 1 S i i-xG e j^(D~<^lik±(Dm^m 

4 2 ] tulB— oj^Jl_hO h ^ v?^ ^ mAO l^V^:^ ^X'h^ 

[w^:® 4 5 ] tffiB^^-^^ < t ■h~<:>(Dm'^m^mm(D 3 ^7i.m^^^-t^ 
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(6) 

mmm^m<^±^. o<x< i-vh^s i i-xOext^^it^^^e 5 o°Ci^T 

^mm $ tb 5 , m^m 5 3 }cis^(^;^^„ 

[If 5 5 ] MiBfliitJifi^ BuiB — o£i±(D h 9 ly-J^ ^ <DWm^W^(0 

mim. 5 6 ] mwm^mnmm^mm-^. m^-^ 5 1 i^ie^cd^^ 

o 

S^g_h{^0. 8>x>0. 6-T?fe5S i i_xGex(^^iS®^^ii^-t-5>?.7^<y 
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mmm^(D±^o < X ^ 1 Tfes s i i-xGej^(Dm7^m^m e s ox:]^t(d 
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[0 00 1] 

:^mmn. 1 9 9 9^1^ 1 5 0ffiig(D3}e|a#fF^mM||6 0/1 1 6, 0 2 
[0 0 0 2] 

(MEMS) t^ML. #|jt]^*5 J: 

[0 0 0 3] 
[^PJ^WJ:] 

x-h^o i98o^ft£^^. i&m^[:^^Mmmmw: (LPcvD) Kx^xmm 
bx^»Az:$tbT^Tv^5o -^^L-^ycii/ (s i02) ^m^^mt 

LT>^v>fetb. :7 5/^ (HF) ;Os^ys i "^-T ^ t3;^^jox};i*5{t5^^6^ ry 

i S i 02l^M<^±ia^g75Sj[S<^Tt^oT^IJ^-X?#5fcfeT'feoT. 
[0 0 0 4] 

^^^^xy^mmM^'^n'^:^(Dmm^hmm-^^n^^}i^ mems>o^ t/^^ 

^^L;^cm-eMf^T*#§r ^^^M$nsc:^^s^v\ r:^^}c:MEMSj 



#*2002-534285 (P2002-534285A) 

(9) 

[0 0 0 5] 

iym:^y^i^^^mizM\^xum^tit^i-fthitf^hf£^\ mm^^ :^^(;imems 
(7)T:/n-^fi, MEMS tm^mmi!)>^i.\^^^±(Dm:U'^BmmM(Dmmt^j: 
•9 . ^ti\cx<^xmm(Dmm^m.r^'±^mm.mp^^wM=tm\^^xm^z.mmi^ 

[0 0 0 6] 

[^M ^^^f S /C 26 (Z)^^] 

[0 0 0 7] 

-^4 ^ v2m^mmiy^^•hJfm(Df^i^(D:)7mz^^i1■ 
m(D±^, 0 < X ^ 1 T*fes s i i-xG ej^(Dm^m^me 5 o"t:i^jiTo?a^-e±i 
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[0 0 0 8] 

^m±^o< X ^ 1 -Tf^^ s i i-xGe^(Dm^m^m6 5 ox:!^T (D^^x-mm 

•So 

[0 0 0 9] 

^n(DmMxi't. ^mmi-t. o. 6<x<o. sxh^ s ii-^^Ge j^(Dmi&t^m 

[0 0 10] 

^ if - 3 ^-^-ri^^f^ L T i> «t < . m^m t «itjg ^±ia b p« ^ 7 -e' 

^X-k>oX^i:\\ 
[001 1 ] 

m'^mtmmmim5 5 o°c^r(Dumxmm^nx-hx\\ m^m(D^/u-^^ 
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[0 0 12] 
[0 0 13] 

[0 0 14] 

[0 0 15] 
[0 0 16] 

jU-^:=^^M. (/-Ky S i (i_x)Gex) T--7^^7^5/:/^-^^^M,J^ii:-f . /^-ti^/^ 
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(12) 

MS m^\^ t ox^^z-m^-^^h-vh^o ^>-yh^ h^—y^titcpm^v s i 
(i-x) G e mm^m^^±\z 7i^oj^(D^jit*^*/jN(ci-5 t^^^m:^ 

S i (l-x)Gex) T^^fCMEMSj ^-^^^-T 3.:^^V^T^^e5fe 

V^?U^{^LT^ittmTt{^^c^eJ^^V^ ; Irf^^tb. S i (i-x) G e xC>@^i5^ 
[0 0 17] 

LPCVD(D.-Ky S i (i-x)GexJ^OSlJ(^^IJ>^?i. -^-T P«jt^ i: l^^^l--^ 

^J>.\C'mt^^ y S i G e Jj^f^, {i^f£ < th3 0%S i ^-a tf ^° y S i G e l^tcM 
bT. VV-:^::^^y=^'^^^mti.xmm^h^m (H2O2) =lr^V^5ri:(^j;oT 
^f^6^tc:cn5,^^if y y— LT<DHF(^|^*{i, 

, ■^^^5^^3«3t^^;l:^o{t53£^bT^^$tL/c^^y^v^/T^^'fe>^7L<^i^:^^t4^ 
y( ^xi^ '7—(DX. 5 ^i:^T^\zy^-t^^(Dm\^X\^fi:\^^m^^i^^^:ihi)^X^ 

•So 

[0 0 18] 

^ ^.(::S(J(Dm-^Ji, :ft^{cMEMSc7)^[l&§rprtg,i:-r-5.-i^°y S i (i-x)GexJ^ 

^fflv^s^ t(cj;oT. ^ff^fi. mu(Dmmi^W:^\z.n\^x^M<Dmmi^ 
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[0 0 19] 

/^K$;Jx/c-^^^n«5t (HEXS IL) Mf^^gfe^b. bTfr^7=>W^^ 

, ^^e^l-l^fT"srtgT*fe «9 . t!:^ti:h. LPCVD S i ^iPf^ 

o 

[0 0 2 0] 

[0 0 2 1] 

[0 0 2 2] 

[^^(Z)^]6feO?i^S] 
:^^m\'±. MEMST=VW;^Sr^5ti-5f'a?){^0<x^ l-efe5S ii-xGex 

[0 0 2 3] 

K^^t^cfc l^teV^^a^-e^a-trtSo ^llC. *° y S i ^ y G e CQiNPttcD 
[0 0 2 4] 
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igiA{:i, mmm^x-(D CMOS h^>:^m^mm^i o o^xu^-{^vi^ 

m^l 0 5^^tfx^M>^ 1 2 0(7)^ffi|g^:^-t-o 0 5 it. MT^Pi^nt 

bT0<x^ l-T?$>5pMS i i-xGex^^V>, m^Um-t LTGe ^^V^S-x- 

fi. x = 0. 64T*^5o *^^c7)-^^>^t2«3g{^, >(e|B#fF^5, 0 2 5, 3 
4 6-^, 3|e|S#fF05, 4 9 1, 6 0 4-^-. 3feS#fFB 5 , 5 3 7, 0 8 3^, 
*5ci;tK3feH#fF^5, 8 3 9, 0 6 2-^(c:|H«^tbTV^So ^tbbCD#fF{if-< 

So 

[0 0 2 6] 

[0 0 2 7] 

in 1 B fi, T^v^-r ;^ 1 2 0 ©_t (ciii^j^^ $ tL/tiiii'S:^ 1 0 0 ^ ^-r ^ n 
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[0 0 2 8] 

^^(D^j±it^^^mmm^ (lpcvd) ^^^^v^t. (ggh 

4) ^XX^-y^:^ (S iH4) *fc(i>?>^^>- (S i2H6) (DUm^\^X^^]) 

tf)^x^?>, 5 0 Ay^^m:^?>mmmm:!f)^. Ge^mm5o%^m^^m\cM 

bT«4 7 5X:^m(DmMX^ MG e JCj^bTf^ 3 2 5 'CSrTIiI-5?aS'T?i^J^-^^ 
[0 0 2 9] 

[0 0 3 0] 

■T?#5o pM/i^°y s i 1-xG ex^<z)S^^{^. ^^vrmmt kwn°>' h^^-i*^ 

[0 0 3 1] 

:^]} S i 1-xG exJ3l{i> ^^i^m^^ntc^ =^ >y K^-f ^ 

^tPJ^y S i 1-xG ex{i> H202#(^^^bl4^?^f^-e^5^^^-^'$n'5o G e 



1#S! 2002-534285 (P2002-534285A) 



(16) 

S i i-xG e xi^{^ > M^RC A(D S CI ^ V (1:1:5 NH4O 
H : H2O2 : H2O) ^X^MMl^^^y'f-^'^^tl^o ^(OmW^m^^X. Ge^ 

^Mt t-i,icmmmcmMir^ (s i ^ s 1 02\^Mir^) m^m^^-r^ 
-^:x^y=^>'^mm\^. Gem^(D:ff^immt^^^ < fj:?>tii^\cG e^^mmm 

t fhKmMir^^ i^V^S ii-xGex^S icn-^^i/^it^ltfi. RJt-^^ :t> 
[0 0 3 2] 

:^'Ti^^^n'^iy^i^':r^M\^ii^Mmu.mT=-—;v (rta) ^Umi^X. .i^y 

S ii-^G eJ^(Dm^^^ykf^:Ltt>X%^o Ge{iS i J: «9 ^^SV^a^;tv^=¥ 

— K=¥>^y:7'^*bTV^6©T. s i J; «9 ^ ejlcj^v^^^-e9>':7'RP,lt^ 

o ^(DiWm^mmi^X. S ii-^Ge^^t:ii^:^VGe<D-^^^nm^^mKM 

iCjottS^y S i 1-xG ex^fcif^^Kj; G e 'x'-r iJ^ n:^jg|^(DM#3^ceflJ^Tfc5o 
[0 0 3 3] 

je)C»:/ia>fe>?.;^7^5/:/;0S|5^5^$tL5o IB^S^l 10 (1212) fi. tJ^jfeocMO 

S-^tMB i CMO S ^^>^v^;^i5':7'c2-k;^^^V^TM^t^iL6NMO S 2 1 0 

^m^-i «9Jf^^$ttTt> J:V\ F^^ia^2 1 5 tm^l 1 0(DWz.T i XT i N 
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-^^^tit-p+m (p+) ^i^^i/y=t:/ (j}^°ysi) :^h^y':f2o 5^mm^ti 

■So 

[0 0 3 4] 

So 'f£V^?l.^■r:^^$fLS-^{^:^/y =1^/ (LTO) 2 2 5X-^W} 

[0 0 3 5] 

ms^mm-r^t, ^wt3 o sj*. lto2 2 s^m^xp+^^Ku s 

[0 0 3 6] 

^V^'T5^ ^S&ffii: bTf^ffif Sp+/i^y S ii-xGex<^a3 1 0:^)5^ ^^^ti. 

#t LT. ^i^&®3 1 ofi. #K-:7^it^±i^b. m^x'tn^^m^mxm^ 

(D4:t:yi^A^fci-tiAm:'^n±^icX'0 V—^l.xm^VXhX\^\ 0. 8>x 
>0. 6Tfe5p+^y S i i-xGex*t^^^JfiS3 1 0 i: ^Xm^^^^tl^^X 

^> ^tt(^. (^^^-r-^-iX3>-m^iiig&^©2i^i4©:rcfe) ^&v^■7'^-fe^m 

[0 0 3 7] 

(Dmmxmm'r^iii!L<D:^y'^y'^\<ii^i.x-^mxh^o m^t^mm^m^K mm^ 
^mt'r^tcif<DfMc7^^hthx\^^^tf^mBxh^o teoprig7^^±i^^# 

^'^h^~^x\ p+^°y s i i-^Ge^mmms i o (Dtz.i^Krm(Dmm^i'¥^^^m 
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m^tl^ : #^2 0 OmmiL:^±:^'^;^—h>fl^ (seem) S 12^6^^ ^ 3 

0 omT, ?fi^4 2 5x:x-2^mm^:it\^^^x ?i—^—mm(DT^/}^ 

-xGex^JfeMSLT0 2 2 5 (D±i^;^^f^5 r ^ BrHg(^1-S0^3:i^^^^•T?^^>5 

0 ft^6*j;^ce^Ji&ffi<DJi:^{ija(^5 0 o-^/p<— iJ'-^feJ?, 85 seem 

S i H4, 9 0 s e e mG e H4, ^XZJ^5 0 s e e mB K— ^-^^^ h >^;if;^ ( 

1 0%B2H6i: 9 0%S i H4) ^6 0 0mT. 4 5 0°CX 3 O^m^'t:^ tiC 

[0 0 3 8] 

@:^$tL^-<irfJ^4 1 0^C*5V^T. p ^ S i i-xG e x^J^^® 3 1 O^TT 

(c^^^fi^fc^^/^i/i^^^tbs^ t^^i-o i^^ia^2 1 5Km't^mm4 io(d 

t ^'^X^ 5o m<^m 4 0 5 (D±i^^f4(i^(7)ii 19 -efe 5 : : 5 3 

OOmT. 3 7 5°C. 2 0 0 s c e m S i 2H6-Cfe «9 ; : 1 6 5 ^FbI, 3 0 
OmT, 3 7 St:. 2 2 0 s e cm(7)Ge H4"T?fc6o 
[0 0 3 9] 

Stl^\ LTO2 2 5±\cmmX^^X^:^V GeKMl^Xiil^mXh^o /i^yGe 

(Dftibf^i^^Ky s ii-xGex^Ji4o 5 (Dm^^mt i^x^ir^ ^ ti)^nmxh 

5o b^^U. i»Jtt(?D5t?!;S ii-xGexf^x fllitO/JfyS i i-xG e x{->^-t-'5 x J; 

u^(D:^t^^ X ^ m^G e^mM(Dmx ^ hmitiiMm^xx^^<::^y^> 

[0 0 4 0] 

|g|5^C:^oV^T. p+/Ky S l i-xGex(^«^Ji5 0 5;0S±i^$tL^N°^ — 
Wb^tl^So P y S i 1-xG e x<^Ji 5 0 5 . ^(DM^Xh^ : 

^-fiii^ : 2^rH^. 3 0 0mT, 4 2 5°C. 2 0 0 s c c m S i 2H6T^fe ; ±i 
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^ : 1 8 0:^m. 6 0 OmT. 450 °C. 85sccmSi H4, 9 0 s c c m 
GeH4. *5j;t>*5 0 s c c mB K— ^-^^^ hy— (10%B2H6t9 0% 

S i H4) -e$)6„ 
[004 1] 

mm^titmmm 5 o sf^s ^ ^n:ym(Dm^h^. nxj^'f^mmmt^K mmm 

o 

[0 0 4 2] 

Gex^4 0 5. mMmsiO. ^ ^Xf-M 2 2 5 ^M^^X=^iy^>^ ^th^. ^ 
(0:^^v -^it;^ ^jva^iy Y^^y K 6 0 5 SrS^-TSo t^^^©^®-^^ ^ tt^^P 

xs^-t?^ffi$n6=^'i|i6^^^y :7-/^ (hf) mix-h 

i^^^nmz.^^(otmmx-h^. mm.^Pc}i\^x(D^)V'^z^^K(Dm.m\^. tm 

[0 0 4 3] 

m 7 JC*5V>T. y G e Ji 4 0 5 «i$>:V>T. H202^«^^f[::i4^l^^fflV^ 

0 5 ^^Jfe®3 1 0(Dm(D;^y^^ ^^^3:y^m<ti^(D^^-^^^!i^->^tf^^-^^hV 

[0 0 4 4] 
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f^p+) ^^mV. ^tl\^X^. p+^°ySifi. MEMS t CMOS -t^V^-T^PbI 
[0 0 4 5] 

t^^m^m^mm^^m't^^tt^iii^mxh^o t*■>'7^^-/^o/^v^Jif^, m^^^ 

[0 0 4 6] 

m 8 1 3 fi. 'x'^ n^Sl^l 0 5^(DMEMSx>M>^§r. ii'l'S^ 1 0 

^fcfiB i CMOS ^^^/^^>^^>^^:3-fe>^.^^V^T^3t$tL'5NMOS 2 12^ 
(D-^^ ^ um^m^^^ts^o 7^^/H^t(5ifl^2 1 7(^, Al, Cu. A 1 -6-^, 

Cu-a-^^fcJm^o^TO^ttc&m-rff^^bT^ J;v\ ^^-T?{if^^iai|2 1 7{i 
A 1 Tf^bttTV>5o P^^ia^2 1 7 ^S^l 1 2©^tc:{iT i /T i N (H^ 

^>-y =t V (jKy s i ) $t3js|.-t?fe5o 

[0 0 4 7] 
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So m^m^fis m^umx^mm^ti^~mt^^v =^^^ (lto) 2 2 7t*^»i 

[0 0 4 8] 

0 9 lC^-f<t 5 T^/V>^r^S i (a-S i) Jl 9 0 5 ;eiS^V^-t?±i^$tt 
So r(^a-Sif^. :7ym (HF) {C^^;/: , HF/ii^^NMOS 2 1 2 

9 1 Of^. m<^^ii<^^^J-*5V^T{i:^iJ1^'t?^ So 
[0 0 4 9] 

5 9 0Am(Dm9 0 5(D±i^^#(i, 5 0 0mTT?S i 2H6^i)^t~ 2 o^^t" 

■7^5/:/2{:±4 1 ot:^4 O^^^^a^tbSo 
[0 0 5 0] 

1 Ot3:*5V^T. ^tcl^WT 1 0 0 0;as^ y y ^c^i^/^^-i^^;. 

y'yy^m^^X. ^m^^ -y^m2 2 7 . 9 0 5*5j;t>*9 10^S:V^T?l^^$tb 
So ^MT1 0 0 0{i. n+T^y S i^^;^ h^?/:/8 0 S'^^Ti-So S'JC)|I 

Ji<^?F^^T-{i. ^MTm-tt?<9J'F^^@a^2 1 7--|^Tb. n+/-Ky S i^^^ 

[00 5 1] 

^lCn+:iKy GeJil 0 1 O^a^ii^^tbSo ^ (D n+J^K y G e jifi^:®®^-^^ 

So -r f K-:/ m/OS^v^btb/c;^|S. 1 0 1 0 {i. Y-'^m^ 

T?F^^bT^J;V\ n+*fc{ip+JKy Ge(Dft^^!9lc:. x < 1 ©n+^f^}^ P+/K 

y s i i-xGex^^*®iit->^bTffiv^sr ^:^STtsiv^5 ^^t^tis-r-^t 

^^'^h$tLSo 

[0 0 5 2] 

3 10 0 AffcD n+/}N° y G e 10 10 4 0 0 °C. 3 0 
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OmT-e^a$tLSLPCVD:/n-fe>^Sr'a^. f^mWm : 2 0 0 s c cmS i 
2H6^1^^^ ; : 1 0 0 s c c m G e H4*5 J; U« 1 0 s c c m 5 0%PH3/ 
5 0%S i H4^5 O^^^l-efe^o 
[0 0 5 3] 

m^. mi iK7^-rx=?\^. i.To<Dm^mi i o 07!)mm^ti^c ltom 
110 omt^mm^i^Mm^tix. ^mj:m^^-^x.^„ lto^i i ooi-x 

-<#^^l 1 1 O-t?, n+^Ky Ge^Jffiffi^-eTl-^iy^>^i^^^tL5o 
[0 0 5 4] 

mi ZKm^-t^Xol^. n+^VGe 1 2 0 0 (D«itji^5^V^■^^±i^$;^^^ 

o ^ h K-:7W^v^ mmm 1 2 0 0 # K-:/Jii^^a 

J;V\ n+^/cJ^p+^y Ge©'ft:b«9 x < 1 ©n+^/cf^p+2}f U S i 

1-xG e x^^^tii 1 2 0 0^^ffiV^5^^^S-^^^5tV^5^ii-^igi-^^"t?feS 

o #5tMl 2 0 0(i. ^^(DV y^^-y-^ t::^^y^:^^^^^:^^m^^Xy<i^ — 
[0 0 5 5] 

2. 2^^u^^m(Dn+yi-°v Gemm:mi 2 0 o^m^j^-t^mm^Wi^. 40 

O'C. 3 0 OmT-e^S-^SLPCVDT'ti-fe;^^^^, ^-d^i^ : 2 0 0 s c 
cms i2H6^l5>^ ; : 1 0 0 s c c m G e H4*5 J; tJ^ 1 0 s c c m 5 0 
% P H3/ 5 0 % S i H4^ 4 B#P^ 4 5 ^mxh^o 
[0 0 5 6] 

01 S^^R^-r-St. 7=VW^f«{C. n+J^y GeSl 2 0 OcD^^^Ttf 
^TM^^m (N2) ^^(D*5V>T5 5 O^CcDRTA-^S O^Pb^T^— /l^^tbS 
o «iSLT0 1 1 0 0{«V^^\ HF^•^^p^^t^ffiV^l::I^^y^:/^m*$tb5 
o :^^t-S^l 1 2(i. tK. ^V^^fp^iJ^y-zl-T^y >';=^^fb. ^m^^^tbSo 

wmn. m^^m 120 o*3J;t>*^:hs®^ 101 ocDrnm^^H^-^mf^-^^'^^ 

»it^l 2 0 0 {^tK y G e 1 0 1 0 --1,^ >9 #;O^^^V^r i: ^tLTV^ 
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So 4< y G e (D r (D^mti:m^M^m'i'^ tc, x < l ©^^^ y S i i-xG e xl-oV^ 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

Cross-reference of related application This application charges the United States patent 
provisional application 60th of application / privilege of the prior day of No. 1 16,024 on January 
15, 1999, refers to it, and is included in this specification. 
[0002] 

Field of an invention Especially this invention relates to manufacture of the micro structure 
using a structure film and a sacrificial film about a micro electronic machine system (MEMS). 
[0003] 

[Background of the Invention] 

Surface micro machining is manufacture of the thin film micro structure by the selective 
elimination of a sacrificial film. The polycrystalline silicon (poly Si) deposited by low-pressure 
modified chemical vapor deposition (LPCVD) has been established as an important micro 
structural material for a various application after the 1980s. Diacid-ized silicon (SiO^) is used 

as a sacrifice layer, and fluoric acid (HF) is usually used as an alternative "release" etching 
reagent in poly Si micro machining. For example, application of poly Si to an internal sensor 
was successful because [ of the mechanical properties which were excellent in the poly Si 
film]. 

It is because the deposition apparatus for poly Si and Si02 films spreads widely and it can use, 
and the both are standard materials at an integrated circuit factory. 

[0004] 

In many cases, it is advantageous from a viewpoint of device performance and cost to 
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manufacture surface micro structure and a micro electronic circuit to one witfi modular 
architecture. If minuteness is considered to be maturation of micro electronic industry, and the 
complexity of an integrated circuit process, to be able to manufacture, after an electronic circuit 
is completed by the metallization of the former [ MEMS ], such as aluminum (aluminum) 
metallization, will be demanded in many cases. This strategy of "being MEMS to the last" is 
unrealizable with poly Si micro structure, because although the deposition to a poly Si film and 
stress annealing temperature are because it is too high for the internal wiring of aluminum or 
copper, in addition, finally, the strategy of MEMS is still demanded in many cases. 
[0005] 

The poly Si accumulation strategy of conventional technology is manufacturing the thin film 
stack of a structure film and a sacrificial film, before starting an electronic circuit process. 
There is a disadvantageous point in this approach of "being MEMS to the beginning" practical 
[ some ]. In the first place, it is adjusted highly, and a complicated electronic process has an 
adverse effect it have conversely by the step of the previous MEMS deposition, patternizing, 
and annealing. A possibility that a commercial electronics corporation will admit the pretreated 
wafer as a start material is low because of this reason. The display flatness of a wafer surface 
must be restored [ 2nd ] after completion of the MEMS thin film stack which can be attained 
manufacturing MEMS to the hollow by which micro machining was carried out, or by growing 
up additional silicon via alternative epitaxy. The release of structure is generated at the last of 
an electronic circuit process, and an electronic circuit must be protected [ 3rd ] against a fluoric 
acid etching reagent. It needs for the approach of MEMS to adjoin the beginning mutually 
finally using the electric internal wiring to which it becomes MEMS, and resistance of 
parasitism with a remarkable electronic circuit and the cause of electric capacity, and the 
performance of a device is reduced by it, and to be arranged. 
[0006] 

[Means for Solving the Problem] 

In one mode, this invention is characterized by a method for forming a micro electronic 
machine system on a substrate. A step at which this method deposits a sacrifice layer of 
silicon germanium on up to a substrate; Deposit a structure layer of silicon germanium on up to 
a sacrifice layer, and here germanium content of a sacrifice layer, A step which removes step; 
and at least some sacrifice layers to increase from germanium content of a structure layer is 
included. 
[0007] 

This invention is turned to a method for micro electronic machine system formation in another 
mode. A step at which this method deposits a sacrifice layer of silicon oxide on up to a 
substrate; step; which deposits on up to a sacrifice layer a structure layer of Si^ ^germanium^ 

which is 0< x<=1 at temperature of about 650 ** or less, and a step which removes at least 
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some sacrifice layers are included. 
[0008] 

This invention is turned to a method for forming a micro electronic machine system in another 
mode, A step which deposits a sacrifice layer of polycrystal germanium on up to a substrate; it 
has step; which deposits on up to a sacrifice layer a structure layer of Si^ ^germanium^ which 

is 0< x<=1 at temperature of about 650 ** or less, and a step which removes at least some 

sacrifice layers. 

[0009] 

In another mode, this invention, step; which deposits a sidewall layer of Si^ ^germanium^ 

which is 0.6< x<0.8 - step; which deposits a sacrifice layer on up to a sidewall layer — step; 
which deposits on up to a sacrifice layer a structure layer of Si^ ^germanium^ which is 0< x<=1 

at temperature not more than about 650 ** or it. And it is turned to a method of having a step 

which removes at least some sacrifice layers, 

[0010] 

Various embodiments of this invention may include the following feature beyond one or it. 
Before this invention method may form one or more transistors on a substrate and a sacrifice 
layer and a structure layer accumulate on a substrate, a transistor is formed on the substrate. 
A transistor may be formed using copper metallization or aluminum metallization. Before a 
sacrifice layer and a structure layer accumulate on a substrate, a transistor may be formed 
without carrying out metallization, and after it deposits a sacrifice layer and a structure layer, 
metallization of it is carried out. A transistor may be a MOS transistor or a bipolar transistor. 
[0011] 

A sacrifice layer may comprise Si^ ^germanium^ and is 0.4<=x<=1 here. A sacrifice layer and a 

structure layer may be deposited at temperature of about 550 ** or less. Germanium 
concentration of a structure layer may change according to the depth. A process may remove 
a portion of a structure layer, in order to attain desired three-dimensional shape. A sacrifice 
layer may be removed thoroughly. A sacrifice layer may be removed by putting it to hydrogen 
peroxide, ammonium hydroxide and water, or a solution containing HF. Before putting a 
sacrifice layer to HF, an amorphous silicon may be deposited on a substrate. 
[0012] 

This invention is turned to a micro electronic machine system in another mode. This system 
contains one or more structure layer; of Si^ ^germanium^ which is formed on a substrate; 

board and which is 0< x<=1, and one or more transistors formed on a substrate. 
[0013] 

Various embodiments of a micro electronic machine system may also include the one or more 
following features. A micro electronic machine system is good also considering a substrate of 
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glass or silicon as a feature. Even if it has few sacrifice layers of one or more silicon 
germanium formed under a structure layer, it may contain each part, and germanium content 
of one or more sacrifice layers is larger than germanium content of each structure layer in that 
case. Even if a device has again few one or more sacrifice layers of silicon oxide formed under 
a structure layer, it may contain each part. One or more transistors in a micro electronic 
machine system may be a MOS transistor or a bipolar transistor. 
[0014] 

One or more structure layers in a micro electronic machine system are deposited on one or 
more transistors. One or more structure layers may be deposited on an upper part level of 
metal internal wiring of one or more transistors. One or more structure layers include sidewall 
electrically connected to an upper part level of electrode wiring. One or more structure layers 
may form a resonator, or may also build it into optical devices. 
[0015] 

Details of operation of one or more of this invention are given by an accompanying drawing 
and the following explanation. Other features, purposes, and advantages of this invention will 
become clear from explanation, a drawing, and a claim. 
[0016] 

Even if a theoretic advantage using polysilicon germanium is in low deposition temperatures 
more remarkable than LPCVD poly Si. is acquired with;, and also dopant activation and 
remaining stress annealing steps and is required, it can be processed [ rather than ] at a 
remarkable low temperature to LPCVD poly Si. It is because resistivity while p-type-polysilicon 
germanium (poly Si^^^^ germanium^) by which the in situ dope was carried out did not actually 

need an annealing step, because it had accumulated, remaining stress, and a stress 
inclination are low enough for many MEMS uses. A p type poly Si germanium film by 

which the in situ dope was carried out may make the rate of sedimentation the maximum, and 
it may be used for it as a structure layer from both of making membranous resistivity into the 
minimum. Polysilicon germanium (poly Si germanium ) micro structure manufactures 

directly at the topmost part of a micro electronic circuit of conventional technology, using an "it 
being MEMS to the last" paradigm as a result. A layer of the beginning of poly SiGe deposits 
directly at a level above that of electrode wiring in an electronic circuit process. Mechanical 
properties, such as;, i.e., a peculiar dumping parameter of poly Si germanium , which does 

not become degradation even if it uses low temperature, and a breaking strain, are in the same 

range as it of poly Si. 

[0017] 

There is another advantage of a poly Si^^^^ germanium^ film of LPCVD in using them to a 
sacrifice layer like a micro structure layer. A poly SiGe film which is rich in germanium or 
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germanium is selectively etched by using hydrogen peroxide {^2^2^ ^ release etching 

reagent about a poly SiGe film which contains Si at least 30%. Removal of HF as release 
etching simplifies the final step remarkably, and improves the safety of a process. Hydrogen 
peroxide does not invade the upper layer of micro electronic circuit structures, such as 
aluminum, an oxide, or an oxynitride, and does not need a special masking film for protecting 
an electronic circuit during release etching as a; result. The remarkable selectivity of hydrogen 
peroxide to a film which is rich in germanium abolishes again the necessity for an etching 
access hole in a micro structure layer estranged by approaching. As a result, the MEMS 
designer can create a flat surface where an etching access hole is not opening a hole to a use 
like a micro mirror which is not preferred. 
[0018] 

Another advantage by using for the last a poly Si germanium film which makes a strategy 

( I -X) X 

of MEMS possible a designer. It is because arbitrary integrated circuit (IC) factories can be 
used to an integrated circuit portion of a device, because any corrections are not needed for a 
micro electronic circuit process. 
[0019] 

SiGe carries out facilitating of the module accumulation which has a CMOS device, and for 
example, He promises to cause a revolution in MEMS art by increasing a process throughput 
and a yield, and improving micro structure (HEXSIL) manufacture by which the mold was 
carried out using the standard process technique, and making a new device design possible. It 
is because the LPCVD Si heating furnace can convert these improvement into a SiGe heating 
furnace easily only by applying another input gas economically that it can perform. 
[0020] 

Details of one or more embodiments of this invention are given by an accompanying drawing 
and the following explanation. Other features, purposes, and advantages of this invention will 
become clear from explanation, a drawing, and a claim. 
[0021] 

Same various reference designators and reference numbers in a drawing show same element. 
[0022] 

[Embodiment of the Invention] 

This invention is turned to use of the Si^ ^germanium^ material which is 0< x<=1 in order to 

manufacture a MEMS device. This invention is combined with the present micro electronic 
circuit, and is explained in some typical embodiments in manufacture of a MEMS resonator, 
and the point of a process step. 
[0023] 
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Although poly SiGe is a semiconductor alloy material which has the characteristic similar to 
poly Si, it can be processed at a substantial more low temperature. Comparison of the various 
characteristics of poly Si and poly germanium is shown in Table 1 . 
[0024] 
[Table 1] 
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[0025] 

Drawing 1 A shows the top view of the device 120 containing the CMOS trans resistance 
amplifier 100 and the micro resonator 105 in parallel organization. Using p type Si^ 

^germanium^ which is 0< x<=1 as a structural material, he would like to manufacture the 

resonator 105 by the micro manufacturing installation using germanium as a sacrifice material, 
it is carried out, and is a mold actuation device. In this special device, it is x= 0.64. The micro 
structure of the resonator is indicated to U.S. Pat. No. 5,025,346, U.S. Pat. No. 5,491,604, 
U.S. Pat. No. 5,537,083. and U.S. Pat. No. 5,839,062. All of these patents are transferred to 
the grantee of this invention application, and they are quoted and are included in this 
specification. 
[0026] 

The amplifier 100 may also contain one or more transistors. A transistor may be MOS or a 

bipolar transistor. A transistor may be formed on a silicon substrate. 

[0027] 

Drawing 1 B shows the amplifier 100 and the micro resonator 105 by which column 
organization was carried out on the device 120. The low deposition temperatures of a SiGe 
film enable deposition of the MEMS structure after micro electronic circuit completion. 
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Therefore, the resonator 105 can carry out direct production on the amplifier 100. This column 
organization strengthens device performance, decreasing resistance and electric capacity of 
peculiar internal wiring by column organization of drawing 1 A. 
[0028] 

A poly SiGe film can be deposited on conformal using the conventional low-pressure modified- 
chemical-vapor-deposition (LPCVD) device by temperature decomposition of germane (GeH^) 

and Silang (SiH^), or a disilane (Si^Hg). The membranous deposition using a disilane as a 

silicon source can lower deposition temperatures in comparison with the membranous 
deposition which uses Silang. A film may be deposited at the temperature of about 650 ** or 
less, about 550 ** or less, or 450 ** or less. As for deposition of Si, a catalysis is performed by 
existence of germanium, and thereby, when a process is restricted by the surface reaction, the 
membranous rate of sedimentation increases with the increase in germanium content. 
Therefore, deposition temperatures can be lowered by increasing germanium content. To the 
film exceeding 50% of germanium content, the rate of sedimentation exceeding a part for 
50A/is below 475 ** in temperature, and can attain to pure germanium at the temperature 
which is less than 325 **. 
[0029] 

germanium content of a structure layer and a sacrifice layer can take the range up to about 30 
to 100%. However, it is necessary to make germanium content of a sacrifice Si^^ germanium 

(j^) layer larger than it in a structure layer so that it may explain below. 

[0030] 

A poly Si^^germanium^ film can be deeply doped by combination of the in situ of the dopant 

under deposition, EKUSUTU by an ion implantation or diffusion, and the thermal annealing 
following it. Since career movement and the rate of dopant activity increase, the resistivity of a 
p type poly Si^^germanium^ film decreases with germanium content generally. However, the 

resistivity of a n type film increases with germanium content which exceeds about 40% for the 

fall in the rate of dopant activity. 

[0031] 

A poly Si^^germanium^ film can be patternized with dirty or the wet dry cleaning dirty 

technique fully established. Poly Si^ ^germanium^ which a germanium dioxide is water 

solubility, therefore is rich in germanium is etched within oxidizing solutions, such as H^Og- 

germanium is not invaded by acid of non-oxidizing qualities, such as HF, and the base. The 
Si^^germanium^ film exceeding about 60% of germanium content is quickly etched all over the 

SCI clean bus (1:1:5 NH^OH:H202:H20) of standard RCA. Both the dope or the un-doped 
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Si^ ^germanium^ film which has the selectivity (as opposed to Si and SiO^) which increases 

exponentially with germanium content can be etched using this solution. A poly Si^ 

^germanium^ film is not usually remarkably influenced by the solution of a quiet oxidizing 

quality or a non-oxidizing quality used in a wet cleaning process. Poly Si^^germanium^ is 

etched in the plasma of a fluoride base. Since the gasification velocity of germanium atom 
becomes large, the plasma etching speed of a poly Si^ ^germanium^ film increases with the 

increase in germanium content. A high Si^ ^germanium^ opposite Si etch rate ratio can be 

easily attained using reactive ion etching. 
[0032] 

In order to maintain the low themiometer drawing for a MEMS manufacturing process, rapid 
temperature annealing (RTA) by high-output tungsten halogen lamp exposure can be adopted, 
and the resistivity of a poly Si^ ^germanium^ film can be lowered. Since germanium has an 

energy band gap lower than Si, it absorbs lamp radiation at efRciency still higher than Si. The 
higher absorption index brings about alternative heating of germanium in annealing. Annealing 
temperature higher than a possible temperature is realizable by heating furnace annealing of 
an option to the micro structure film of poly Si^ ^germanium^ or poly germanium using this 

feature. This alternative annealing phenomenon is a peculiar advantage of poly Si^_ 

^germanium^ in lowering thermometer drawing required for MEMS manufacture, or a poly 

germanium micro structure film. 
[0033] 

If drawing 2 - drawing 7 are referred to, it will have the conventional CMOS circuit of amplifier 
100 grade, for example, for example, the process step for module integration of a mainstream 
micro structure of micro resonator 105 grade will be explained. The start board 110 ( drawing 2 ) 
includes the micro electronic circuit of the NMOS210 grade manufactured using conventional 
CMOS or BiCMOS transistor process. The metal internal wiring 215 may be formed with 
aluminum or an aluminum alloy. As substitution, it may be formed with Cu, a Cu alloy, or other 
standard metal. Barrier metals, such as Ti/TiN (not shown), may be between the internal wiring 

215 and the substrate 110. The internal wiring 215 is connected to the p"^ type (P^) 

polycrystalline silicon (poly Si) strap 205 doped deeply. 

[0034] 

It corrects, and these figures are and are made into magnification so that layers may look [ no ] 
clear. Although some metal internal wiring layers are possible, only one is shown for 
simplification. An electronic circuit is passivated with the diacid-ized silicon (LTO) 225 
deposited at a low temperature. LT0225 is ground in chemical machinery and attains a flat 
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surface. 
[0035] 

If drawing 3 is referred to, Bahia 305 pierces througfi LT0225 and is deeply cut to the p^ poly 
Si connection strap 205 using conventional lithography and etching step. According to another 
embodiment, even the internal wiring 215 falls, and Bahia 305 abolishes the necessity for the 

p"*" poly Si connection strap 205, and reduces resistance of internal wiring. 
[0036] 

Subsequently, the layer 310 of p"*" poly Si^ ^germanium^ which acts as sidewall deposits, and 

is patternized. According to 1 embodiment, an in situ dope film is used. As substitution, the 
sidewall 310 deposits a non-doping film, and subsequently, with the art concerned, it may be 

doped by a well-known ion implantation or diffusion process, and it may form it. Can use the p"*" 
poly Si^ ^germanium^ material which is 0.8> x>0.6 as the sidewall 310, and it, (For 

compatibility with a metallization electronic circuit) It cannot be too high although it is because 
germanium content must be high enough so that low process temperature may be made 
possible, however so that a micro structure release etching step with final sidewall can be 
borne. 
[0037] 

Various conditions of deposition and preliminary deposition are possible to this step and other 
steps explained in another part in this detailed explanation. It is clear that various deposition 
conditions are described for aiming at explanation. While there are other possible deposition 
conditions, per minute 200 :standard cubic-centimeter (seem) Si^Hg provided with the following 

deposition conditions for the p"^ poly Si^ ^germanium^ sidewall 310, It is carrying out the 
preliminary deposition of the amorphous Si layer (not shown) below 5 nm by passing for 2 
minutes at pressure 300mT and the temperature of 425 **. This needs p"*" poly Si^ 
^germanium^ sidewall to make it possible to make a core on LT0225. The thickness of final 
sidewall is about 500 nanometers, and it, It deposits by passing 85sccmSiH^, 90sccmGeH^, 

and 50sccmB dopant source gas (10%B2Hg and 90%SiH^) for 30 minutes at 600mT and 450 

** 

[0038] 

Subsequently the sacrifice layer 405 of poly germanium deposits drawing 4 , and being 
selectively etched downward to the p^ poly Si^ ^germanium^ sidewall 310 is shown in the field 

410 to which the structure layer of micro structure should be fixed. It can be aiming at a 
graphic display and the arrangement of the field 410 about the internal wiring 215 can be more 

http://ww4.ipdlinpit.goop/cgi-bin/tran_web_cgi_ejje?atw_u=^ 2/23/2009 



JP,2002-534285,A [DETAILED DESCRIPTION] 



Page 10 of 17 



the right or on the left of internal wiring, iprelimlnary deposition whose deposition conditions of 
the sacrifice layer 405 are as follows: For 5 minutes, it is 300mT. 375 **, and 200sccmSi_H-, 

and is GeH^ of 300mT, 375 **, and 220sccm for; deposition:! 65 minutes. 

[0039] 

Tliese deposition conditions bring about the sacrifice layer 405 of 2.7-micron thickness. Again, 
preliminary deposition is required to poly germanium so that it can deposit on LT0225. It is 
possible to have poly Si^ ^germanium^ as a sacrifice material of the layer 405 instead of poly 

germanium. However,;, i.e., a sacrifice material, which must have x with sacrificial bigger poly 
Si germanium than x to poly Si germanium of structure must have germanium content 

\ "X X I ~X X 

higher than a structure layer. This is [ that the material which has higher germanium content is 
early etched more in an oxidizing solution rather than the material of lower germanium content 
(victim is fallen), and ]. 
[0040] 

Next, in drawing 5 , the structure layer 505 of p"*" poly Si^^germanium^ accumulates, and is 

patternized. The deposition conditions of the layer 505 of p"*" poly Si^_^germanium^, 

:preliminary deposition which is as follows : For 2 minutes, are 300mT. 425 **, and 
200sccmSi2Hg, and For; deposition: 180 minutes, They are 600mT. 450 **, 85sccmSiH^. 

QOsccmGeH^, and 50sccmB dopant source gas (lOyoB^H^ and 90%SiH^). 

[0041] 

The deposited structure layer 505 is a film of 3-micron thickness. Preliminary deposition makes 
it possible again to form the structure layer 505 on SiOg- Although any SrO^ surfaces are not 

so. poly Si^ ^germanium^ can form a thin natural oxidizing zone (not shown). 

[0042] 

If drawing 6 Is referred to, next the opening 610 is patternized, and it will pierce through the 
sacrifice poly Si^^germanium^ layer 405, the sidewall 310, and the layer 225, and will be 

etched. This step exposes the metal-bond pad 605. The standard release etching reagent 
used with the conventional surface micro machining technique is a fluoric acid (HF) solution, 
and this is difficult to invade a metal, therefore to make a bond pad field clear before the 
release of micro structure. It is because it becomes possible [ use of germanium as a sacrifice 
material ] for there to be also no risk of doing what kind of damage, and to expose a metal- 
bond pad, because germanium can be easily removed in the solution of a benign oxidizing 
quality to a metal. This simplifies the reliability of a package process and improves. 
[0043] 
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'n drawmal, sacrifice poly Ge layer 405 ranks second, and etching removal Is carried out 
using oxidizing solutions, such as H2O2. Finally the substrate 110 is rinsed and dried. The 

prevention for preventing the stiction between the structure layer 505 and the sidewall 310 may 
be needed. Please care about making it possible to carry out direct production of the MEMS 
structure to the upper surface of an electronic circuit so that this process shows drawing 1 B 
and drawing 7. Cost is reduced by this decreasing resistance and electric capacity of the 
parasitism based on long internal wiring, and saving area. 
[0044] 

This process flow applies directly, when manufacturing MEMS structure on a standard 
electronic circuit, and It can be used for a p type poly Si layer forming the Internal wiring 
between devices in that case. A 0.25 micron of sub CMOS technology uses the poly Si layer 
(an n channel device region n* and a p channel device region p*) usually doped selectively, 
and by that cause, p* poly SI should note being able to use easily, in order to form the strap of 
the internal wiring between MEMS and a CMOS device. As substitution, the p"" poly Sl^ 
^germanium^ sidewall can carry out direct continuation to a metallic wire, without needing the 
poly Si strap of relay. 
[0045] 

Although use of poly SiGe which is rich in germanium as a sacrifice layer has some 
advantages, the strategy which accumulates MEMS at the end is realizable using an oxidation 
sacrifice layer. In this case, it is possible to use a n type or p type poly SiGe as a structure 
layer. Since HF Is a release etching reagent of an oxidation sacrifice layer, it needs to protect 
electronic circuit structure from erosion by HF under release. The layer without a pinhole 
needs to be able to bear carrying out long exposure to HF, without being able to deposit at a 
low temperature (<450 **) and carrying out perfonnance degradation. The film cannot have 
high conductivity or it will carry out simplistic [ of the poly Si germanium micro structure ]. It 

is thought that an amorphous silicon is a film useful for this use. 
[0046] 

Drawing 8 - drawin g 13 explain the process of the substitution which uses an oxide for the 
upper surface of the micro electronic circuit of amplifier 100 grade as a sacrifice material, and 
carries out direct production of the MEMS device of micro resonator 1 05 grade to It. In drawing 
8, the start board 112 includes the micro electronic circuit of the NMOS212 grade 
manufactured using conventional CMOS or BiCMOS transistor process. The metal Internal 
wiring 217 may be fonned with aluminum, Cu, an aluminum alloy, a Cu alloy, or other standard 
metal. Here, the internal wiring 217 Is made from aluminum. Banier metals, such as TI/TIN (not 
shown), may be between the internal wiring 217 and the substrate 1 12. In this embodiment. 
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the strap 805 connected to the internal wiring 217 is the n type (n*) polycrystalline silicon (poly 

Si) material doped deeply. 

[0047] 

It con-ects, and these figures are and are made into magnification so that layers may look [ no ] 
clear. Although some metal internal wiring layers are possible, only one is shown for 
simplification. An electronic circuit is passivated with the diacid-ized silicon (LTO) 227 
deposited at a low temperature. 
[0048] 

As shown in drawing 9 , the amorphous silicon (alpha-Si) layer 905 ranks second and deposits. 
This alpha-Si has a resistance force in fluoric acid (HF), and it was proved [ alpha-SI ] that the 
electronic circuit of NMOS212 grade was protected from HF. Subsequently, another LTO layer 
910 accumulates so that it may work as an etching stopping layer by a next etching step. This 
LTO layer 910 is excludable in other embodiments. 
[0049] 

The deposition conditions of the layer 905 of 590A thickness include the LPCVD process of 
two steps of passing Si2Hg by 500mT. Step 1 is processed for 6 minutes at 450 **. and Step 2 

is processed for 40 minutes at 410 **. 
[0050] 

In drawing JO. next, using conventional lithography and etching step. Bahia 1000 pierces 
through the multilayer stack layers 227, 905, and 910, and is formed. Bahia 1000 descends to 
the n* poly Si connection strap 805. In another embodiment, Bahia descends to the internal 

wiring 217 Instead, and the n"" poly Si connection strap 805 is removed, and decreases 

resistance of internal wiring. 

[0051] 

Next, n"^ poly Ge layer 1010 accumulates. This n* poly Ge layer is a sidewall layer. Although 
the in situ doped film was used, the sidewall layer 1010 deposits a non-doping film, and 
subsequently, with the art concerned, it may be doped by a well-known ion implantation or 
diffusion process, and it may form it. Instead of n* or p* poly germanium, it should note being 
able to use n* [ of x< 1 ], or p* poly Si^^germanium^ to a sidewall layer. A sidewall layer is 

patternized using conventional lithography and etching process. 
[0052] 

The deposition conditions of the n"^ poly germanium sidewall layer 1010 of 3100A thickness. It 
is for 50 minutes in preliminary deposition:200sccmSi2Hg including the LPCVD process 
processed by 400 ** and 300mT about; deposition:! OOsccmGeH^ during 1 minute, and 
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1 0sccm50%PH,/50%SiH, . 

o 4 

[0053] 

Next, as shown in drawing 11 . the sacrifice layer 1 100 of LTO accumulates. LTO layer 1 100 is 
ground in chemical machinery, and gives the flat surface. LTO layer 1 100 ranks second, and a 
structure layer is the field 1110 which should be fixed by the sidewall 1010 and should be 

connected to it (on for example, right-hand side of a figure), and it is etched downward to n* 

poly germanium sidewall. 

[0054] 

The structure layer of n* poly germanium1200 ranks second and accumulates so that it may 
illustrate to drawing 12 . Although an in situ dope film may be used, the structure layer 1200 
deposits a non-doping film, and subsequently, with the art concerned, it may be doped by a 
well-known ion implantation or diffusion, and it may form it. Again, it should note being able to 
use n [ of x< 1 ], or p* poly Si^^germanium^ for the structure layer 1200 instead of n"^ or p"" 

poly germanium. The structure layer 1200 is patternized using conventional lithography and 

etching process. 

[0055] 

The deposition conditions which form the n"^ poly germanium structure layer 1200 of 2.2- 
micron thickness, It is for 4 hours and 45 minutes in preliminary deposition:200sccmSi H 

2 6 

including the LPCVD process processed by 400 ** and 300mT about; 
deposition :100sccmGeH during 1 minute, and 10sccm50%PH„/50%SiH 

^ 3 4 

[0056] 

if drawing 13 is referred to ~ a device ~ next, in order to lower resistance of n* poly Ge layer 
1200, nitrogen (N^) environment sets and it anneals for 30 seconds by 550 ** RTA. Sacrifice 
LT01 100 ranks second and etching removal is carried out using the solution containing HF. 
the last ~ the substrate 112- water ~ subsequently It is rinsed and air-dried with methanol. It 
sticks between the structure layer 1200 and the sidewall layer 1010, and **** usually occurs in 
a dry process, and it is needed in order that a special step may avoid this problem. It is found 
out that the poly germanium structure layer 1200 does not stick to the poly gemianium sidewall 
layer lOIO.These advantageous low adhesion characteristics of poly germanium exist also 
about poly Si^^germanium^ of x< 1 again. Please care about that this process makes it 
possible to manufacture MEMS structure directly on the upper surface of an electronic circuit 
as illustrated to d rawing 13 . Cost is reduced by this decreasing resistance and electric capacity 
of the parasitism based on long internal wiring, and saving area. 
[0057] 
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This process flow applies directly manufacturing MEMS structure on a standard electronic 
circuit, and in order that an n* poly Si layer may form the internal wiring between devices in 
this case, it can use. It is also possible to use p type (p"^) poly 81^ ^germanium^ deeply doped 

by the structure layer. In that case, p* poly Si^^germanium^ sidewall uses a p* poly Si internal 

wiring strap by not needing the poly Si strap of relay or is directly connectable either with a 

metallic wire. 

[0058] 

As modification of the above-mentioned process, the transistor on a substrate may be formed, 
without carrying out metallization, before forming the sacrifice layer and structure layer of a 
micro structural steel worker. A transistor ranks second, and after it forms a sacrifice layer and 
a structure layer, metallization of it may be carried out. However, the manufacture strategy 
replaced by turns [ this ] does not have a manufacture advantage of the approach modularized 
after the electronic circuit explained to drawing 2 - drawing 13 . 
[0059] 

The frequency response of the integrated poly germanium resonator and a standard CMOS 
amplifier is shown in drawing 14 . Bias of sidewall and the shuttle was carried out by 50V. The 
driving signal was an AC signal of 7V The device was examined in the air and the 

resonator had Q45 and the resonance frequency of 14.05 kHz. The frequency response shows 

that the device is functioning thoroughly. 

[0060] 

Although the internal wiring layers of the monolayer are shown in the process of drawing 2 - 
drawing 7 and drawing 8 - drawing 15 . drawing 15 is illustrating some metal internal wiring 
layers which can be used with the newest CMOS device that can design the intemal wiring of 
the length between MEMS structure and an electronic circuit shielded short and well. Direct 
production of the MEMS structures 1500, such as a micro resonator, is carried out on the 
metal internal wiring 1550 of five levels. Like a graphic display, a micro resonator contains the 
driving electrode 1505, the tuning fork resonator 1510, and the sensing electrode 1515. The 
metal internal wiring 1550 of five levels includes the shields 1525 and 1530 which protect DC 
bias 1520 to the resonator 1510, and the internal wiring 1555 to the driving electrode 1505. 
The internal wiring 1550 includes again the shields 1540 and 1535 which protect the internal 
wiring 1545 to the sensing electrode 1515. It is because MEMS1500 integrated does not need 
a special and expensive electronic circuit process cheaply to manufacture and the addition of 
MEMS structure does not increase the size of a mold. It is because the extension to two or 
more structure layers is dramatically easier than the case of the strategy which accumulates 
MEMS first, because the increase in the thickness of a MEMS film stack finally does not affect 
an electronic circuit process. 
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[0061] 

The efficacy of some sacrifice materials (Si02, SIGe whicli is rich in germanium, and SiGe 
which is rich in Si), It is transferred to a grantee as subordinate application, and different 
design options to other devices, such as HEXSIL structure etc. of the kind indicated by U.S. 
Pat. No. 5,660,680 included in this specification by quotation, are provided. As shown in 
^![^APJS1^' the HEXSIL structure 1615 of SiGe Is formed in Si type 1620 using two sacrifice 
layers, the Si02 layer 1610 and Ge layer 1605. The etching capability of a different sacrifice 

layer in time to differ in a process provides various design options. For example, the 
temperature expansion coefficient of the S\0^ layer 1610 differs from it of SI type 1620 greatly, 
and when this cools a mold after deposition, a crack may occur. HF etching solution does 
damage to a mold by repeated use again. The layer of SiGe which is rich in germanium, and 
Si02 is used for coinciding the temperature expansion coefficient of a sacrifice material with Si 
type it. Since H202:NH^0H:H2021:1:5 solution foams at about 70 **, it makes it easy to take 

out the structure by which the mold was carried out from the mold 1620. This solution does not 

do damage to a mold, either. 

[0062] 

In addition, SiGe has the peculiar characteristic which makes a new device design possible. It 
is reflexibility on the wavelength of the infrared rays related to [ unlike Si ] a communication 
use in germanium. The reflexibility of germanium is higher on the wavelength in the situation of 
infrared light and visible light. The reflector of germanium can be used without coating which 
improves reflectance in the use of an optical switch and video projection system JON. This 
device may be manufactured on a glass substrate. The low process temperature of SiGe 
makes it possible to use the material of a low temperature. A comparatively thick layer can be 
manufactured without paying concern to the curvature of the wafer in a process. The three- 
dimensional sculpture of a layer system will be attained by attaching an inclination to Ge 
concentration. Stress, Young's modulus, density, and conductivity can be ordered by changing 
Ge concentration. 
[0063] 

Some embodiments of this invention have been described. Nevertheless, various corrections 
may be made, without deviating from the pneuma and the popular use range of this invention. 
Therefore, other embodiments are in popular use within the limits of the claim of said patent. 
[Brief Description of the Drawings] 
[Drawing 1 A] 

It is a top view of a MEMS resonator and the micro electronic amplifier produced in parallel. 
[Drawing 1 B] 

It is a top view of the MEMS resonator produced on the micro electronic amplifier. 
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[Drawing 21 

It is a sectional view showing the step in manufacture of the resonator and amplifier of drawing 
1 B. 

[Dra wing 3] 

It is a sectional view showing the step in manufacture of the resonator and amplifier of drawing 
1 B. 

[Draw ing 4 ] 

It is a sectional view showing the step in manufacture of the resonator and amplifier of drawing 
1 B. 

[Drawing 51 

It is a sectional view showing the step in manufacture of the resonator and amplifier of drawing 
1 B. 

[Drawing 61 

It is a sectional view showing the step in manufacture of the resonator and amplifier of drawing 
1 B. 

[Drawing 71 

It is a sectional view showing the step in manufacture of the resonator and amplifier of drawing 
1 B. 

[Drawing 81 

It is a sectional view showing the step of the substitution in manufacture of the resonator and 
amplifier of drawing 1 B. 

[Drawing 91 

It is a sectional view showing the step of the substitution in manufacture of the resonator and 
amplifier of drawing 1 B. 
[Dra wing 10] 

It is a sectional view showing the step of the substitution in manufacture of the resonator and 
amplifier of drawing 1 B. 
[Drawing 111 

It is a sectional view showing the step of the substitution in manufacture of the resonator and 
amplifier of drawing 1 B. 
[Drawing 121 

It is a sectional view showing the step of the substitution in manufacture of the resonator and 
amplifier of drawing 1 B. 
[Drawing 131 

It is a sectional view showing the step of the substitution in manufacture of the resonator and 
amplifier of drawing 1 B. 
[Drawing 141 
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It is a diagram explaining the frequency response of a micro resonator like drawing 1 A, and a 
CMOS amplifier. 
[ Drawing 151 

It is a sectional view of the resonator manufactured on the CMOS device of five levels. 
[Drawin g 16] 

It is a sectional view of the HEXSIL structure of having silicon oxide and gemianium as a 

sacrifice layer. 
[Description of Notations] 

100 Trans resistance amplifier 105 The micro resonator 110. Substrate 1 12 board 120 The 
device 205. Connection strap 215 The metal internal wiring 217. Metal internal wiring 225 LTO- 
layer 227 multilayer stack layer 305 Bahia 310 sidewall 405 sacrifice-layer 410 field 505 poly 
Si^^germanium^ structure layer 605 metal-bond pad 610 The opening 805. Connection strap 
1000 Bahia 1010. Sidewall layer 1 100 sacrifice-layer 1 1 10 The field 1200. The poly 
germanium structure layer 1500 MEMS structure 1505. Driving electrode 1510 tuning-fork 
resonator 1515 The sensing electrode 1520. DC-bias 1525 shield 1530 shield 1535 shield 
1540 shield 1545 Internal wiring 1550 5 level metal internal wiring 1555 internal-wiring 1605 
Ge-layer 1610 Si02 layer 1615 HEXSIL structure 1620 Mold 

[Translation done.] 
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